Dr. NIVEN'S reply: I should like briefly to recapitulate my argument as deduced from the relationship of the curves of flies and diarrhaeal cases and deaths, coupled with known physical facts and bacteriological data, and to point out that the effect of flies, in causing a movement upwards of the curve of enteric fever during the height of the season, is of a low order of magnitude, and, in spite of the fact that it might not be in evidence at all, being obscured perhaps by a depression of other sources of infection, did yet, by its peculiar features and tendency to recurrence year after year, point strongly to an influence of flies in carrying enteric fever. When to this is added strong external evidence of enteric fever being thus carried under more favourable conditions, as in the American-Spanish Campaign, in South Africa, and India, the suggestion derived from these curves is greatly strengthened, and in turn supports the conveyance of diarrhoea by flies.
In reply to Dr. Copeman, I would point out that epidemic diarrhoea was defined as a clinical entity, mainly on the ascertained opinion, for each death in doubt, of the medical practitioner certifying, and that by consequence in tracing the relationship of fatal cases to flies, so far as the curves were concerned, no assumption as to the bacteriology of diarrhoea was made at all. It is true this indifference is not absolutely maintained, since, as Dr. Hamer later on points out, bacteriology comes into the argument that any growth on the soil must be of short duration. This argument presupposes that the cautsa cautsanis of diarrhcea is a quickly growing organism. However, there are certain grounds for this opinion, though they may not be conclusive. All bacteriological investigators converge on the field occupied by the Bacillus entericus, the Bacillus coli, and their congeners. The bacilli causing meat, milk, and cheese outbreaks of diarrhoea have been shown to belong to this group, and, though the evidence is not conclusive, it may yet be said that the probabilities are that the disease is conditioned by a specific bacillus of this group. If so, it will be a quickly growing organism. To this extent the argument is faulty when it is attempted to be shown that we are not to look to anything growing in the soil for an explanation of the wave of summer diarrhcea. But reliance is not placed solely on this line of reasoning. The argument deduced from the distribution of diarrhoea in towns holds, whatever the character of the infecting agency, providing only that it is extraneous to the body. For all parasites it must be true that a well-paved surface must be much less favourable to them than an exposed soil, and hence that growth in the soil cannot be a material factor in the production of diarrhoea. I do not consider that midden-privies play more than a subsidiary part in the production of diarrhcea. That they cannot do so is shown by the experience of Central Manchester, which has no midden-privies and yet has a very high diarrhoea death-rate. But midden-privies add to the influences causing a high diarrhoea death-rate, at all events large, open middens such as prevailed in the outer districts of Manchester. Their absence may not be able to counterbalance the effects of social depression in Central Manchester, but were they planted now in Central Manchester there can be no doubt that there would be in this part of the city an increase in fatal diarrhoea.
As regards the kind of trap to be used, I admit that the beer-trap prevents the flies from being classified, a matter probably of little moment for this particular purpose, but so, to most people I think, would stick papers. Probably balloon traps have failed in Manchester through failure to bait them skilfully. At the same time a sufficient number have been caught in balloon traps to admit of sample classification.
As regards the continuance of flies from season to season, it is, of course, difficult to assert positively that flies are never continued from pupae. But it is quite certain now that they not infrequently remain alive all the winter in houses. On the other hand, the circumstances under which they could ,roduce a brood inside a house are very exceptional. Pupse are easily arrested in their development, and, while flies undoubtedly hibernate in quite a number of places, the materials in which pupa are found arc constantly being removed. It is difficult to imagine where pupae could remain viable all the winter.
Dr. Copeman takes exception to the dogmatic statement that, in considering the spread of enteric fever, fleas and bugs may be put aside, and asks why it is made. But the reason is given, whether it is or is not considered a satisfactory one; enteric fever visits very sparingly the common lodging-houses and other places of that kind which are the special haunts of fleas and bugs. It is quite true that many cascr. of fever are covered with flea-bites, but that does not prove that fleas had anything to do with starting their illness. On the contrary, it suggests the question why, if the Bacillus typhosus occurs in the blood of patients at an early stage, these do not appear to be infective until later on in the disease, at all events in the great majority of cases. But the want of correspondence between the topographical distribution of enteric and that of bugs and fleas appears to me a strong reason for putting them aside. The experiences related by Col. Davies and Col. Notter are valuable corroborations of the connexion between flics and enteric fever in tropical countries.
Dr. Hamer blames me for abandoning the cautious philosophical attitude on this question. But important practical issues rest on the view which one takes, and I have not absolutely affirined the opinion that flies and diarrhoea are synonymous terms. My position is that, to the best of my judgment, a connexion exists of so intimate a character as to call for practical action, and I have endeavoured to lay the facts collected before the Society in such a shape that others may form their judgment upon them. They are by no means such as to permit of the assertion that proof of causal relation has been established. But they do admit of the assertion that no other hypothesis so far advanced will adequately explain the facts, and, on the whole, it seems to me that conveyance by flies does explain the cause of diarrhoea. Possibly this view will be altered as time goes on. He says the foundations on which the fly theory can rest have still to be laid down. But surely even now it is competent for a clear thinker like Dr. Hamer to tell us what are the foundations on which he would be satisfied to, build, so that we may discuss the foundations and arrive at a mutual understanding. I have consistently held that correlation must not be confused with causation. There may, however, be such a closeness of correlation as to justify us in acting on it, as though causation had been more immediately proved, especially if other explanations are shown to be unsatisfactory. Dr. Hamer challenges the assumption that one attack of diarrhoea protects. Yet it is matter of general experience that the same children do not, as a rule, have second attacks, or in other fashion than the same persons have second attacks of enteric fever, at all events in the same season, which is all that is assumed. As to their power to have a second attack of epidemic diarrhoea in subsequent years, I have not investigated the matter and cannot at the present time give any opinion. At all events, they do not appear to have subsequent fatal attacks, so far as our limited investigations go. Dr. Hamer takes exception to the assumption that the causal organisms of diarrhoea -mut be of rapid growth. But, as already explained, in objecting to the origin of diarrhoea in the soil, reliance is not placed solely on that line of reasoning, which, it must be admitted, does introduce bacteriology into the question.
Dr. Hamer does not consider that a satisfactory explanation has been given of the fact that the decline in diarrhcea deaths proceeds more rapidly than the decline in the number of flies. No doubt he is quite right in saying that the hypothesis of exhaustion of material is inadequate to explain entirely the whole of the phenomena; and, as a matter of fact, the course of the curves is very similar in the first part of the decline. It is only after half the descent has been accomplished that the curves diverge. It is the later part of the declining curves, the diverging portions, which involve difficulty. It does not follow because the hypothesis of exhaustion' is less applicable to years of low diarrhoea incidence that it does not explain much. in years of high diarrhcea incidence. It is, no doubt, inadequate as a complete explanation. Hence the fact that flies are immobilized by disease, and not merely by disease, but also by a declining temperature, has been taken into account. It does appear to me that an explanation is thus given of the divergence of the curves. Surely it is not doubted that both facts do restrict the movements of flies very largely, and that such restriction would tend to produce the alterations in the curves which exist. It is, of course, open to a critic to say he wants more proof than the general assertion that these influences exist and may produce the changes observed. Such an accurate fitting of facts I am not in a position to give. But, if the curves fitted accurately, one would be tempted to inquire how it was that these striking facts in the life-history and behaviour of flies were unrepresented.
With regard to Dr. Hamer's observation that the rapid manner in which the cases appear to be produced by flies is at complete variance with the histories of direct infection given in my annual reports for 1904 and 1905, I am at a loss to understand on what he bases his computations. The cases have been picked out which appear to throw light on the latent period in what has been called " direct infection ;" and, that there may be no dispute as to the interpretation, these are given under the articles on diarrhcea in 1904, taken from those regarded as affording stronger evidence, being the cases numbered 6, 7, 10, 11, 13, 20, 27, 28, 34, 44, 45, 48, 53, 61, 69, 73, 77, 82, 84, 88, 96, 100, 104, 106, 109, 110; in 1905, Cases 1, 2, 3, 4, 20, 21, 23, 25, 28, 29, 33, 34, 40, 45, 46, 48, 51, 53, 54, 56, 57, 59, 60, 61, 62, 63, 71, 72, 73, 76, 79, 80, 81. 83, 86, 87, 90, 91, 94, 100 . Under these numbers there occur, in 1904, twentyeight cases; in 1905, sixty cases connected with previous attacks. An analysis of the latent periods occurring under these numbers appears to show that there are almost no definite latent periods. In Case 69 (1904) the definite latent period is about a week. In Case 106 it is five days. In each of Cases 51 and 57 (in 1905) it is one day. There are, however, a few cases in which death is sucteeded by a subsequent attack. Now we must not assume that infection ceases with death. Owing to handling of clothes, and other causes, we cannot assume infection to cease before the burial of the child, while there is, at this period, special risk of a slight attack being overlooked. There are seven such cases, in which a subsequent attack occurred after a death-viz. (110) in 1904, at an interval of nineteen days; (3) of the year 1905, at an interval of seven days; (54) interval seven days; (60) interval nine days; (62) seven days; (81) eight days; (86) five days. In (3) the second case was the mother, who was attacked seven days after the death of her child. In Case 60 the history is complicated by the circumstance that two grand-parents, who often visited, suffered from diarrhoea prior to the onset of the attack in the child who died, and may have remained infective. In Case 62, also, the father was ill with diarrhoea before the fatal attack began, antd may have remained infective. In the great body of the cases, however, exposure to infection was continued right up to the second attack. They may be thus classified. The second attack began while the case was still exposed to infection, but within the following number of days after the onset of the first attack:- The 34 cases of seven days or under include 7 described as occurring " in a few days," "in a day or two," "directly after." These figures are not incompatible with the curves, if we suppose the fly the infec±ting agent. If they were, there would not be the slightest justification in taking the above periods as being those of latency. On the contrary, the likelihood is that the nearer a fatal case to its termination, the more infectious it is; so that, generally, infection may have occurred near the date of the second attack. In addition to the above there are a few cases in which infection was not continued right up to the attack, the periods of exposure before the attack being, in days: 2 and upwards, 17 to 6, 16 to 1, 26 to 20, 10 to 8, 12 to 4, 10 to 3, 8 to 1, a fortnight to a week, 26 + a few to a few, 6 and upwards, 22 to 5. In all this there is nothing inconsistent with the great majority of the infections being well within a week. It is not necessary, therefore, either to abandon these clinical histories of infection or the average short period of infection required to account for the numerical relation of flies to fatal cases commencing. On the contrary, I would refer to the histories of "direct " infection in 1904 and 1905, as I am confident they would produce on the mind of any impartial person thle same impression of direct conveyance of infection which they did on mine.
Dr. Hamer quotes my observation, of a date preceding these inquiries by some years, that diarrhcea shows no signs of being infectious. I had not then realized that there is a necessity for special searching inquiry in the elucidation of this order of facts, as much as in the case of tuberculosis. Surely I do not ask for periods of latency of five or six weeks in the case of enteric fever. An examination of the curves will show that the case rests, such as it is, on the primary wave, which nearly coincides with the curve of fatality from diarrhcea. Indeed, this part of the argument has been left to the impartial examination of the curves by the readers of the paper. As an effort has been made to show why the typhoid summer waves declined in later years, the reader is referred to the text and charts.
Dr. Parsons' interesting observations raise a point of difficulty, and smooth it over very satisfactorily. It unfortunately happened that no fly observations were made in 1907, so that there was a break in continuity. But the year is not needed to show how closely flies and diarrhaea go together. I regret, with Dr. Wheaton, that the figures are incomplete. But the same difficulty meets one all the way through that correlation is not causation-and would still beset the year 1907, whatever the relations.
Dr. Buchan appears to have hit the weakest point in the argument for the causal connexion of flies with diarrhcea fatality when he points out that at the apex of the curves we should expect the curve of cases commencing to continue after the fly curve has begun to fall. The closeness of correspondence at this point is unfavourable to the connexion. This is true, and I am not prepared, at present, to explain to his satisfaction why there is no such continuance of the curve of cases commencing beyond the curve of flies, as might be anticipated. It may, however, be pointed out that already a large number of infants have been attacked, by hypothesis, as the result of introduction of infection by flies into the household. It is thus becoming increasingly difficult, near the apex of the curves, for flies to raise the number of cases attacked, so that it is quite possible that when the maximum number of flies is reached, although the amount of infective matter has now greatly augmented, the field of operations of the fly has already become greatly restricted, so much so as to cause any decline in flies to evoke an immediate response in decline of cases. This should be least in evidence in years of low fatality, although it may be pointed out that fatality does not necessarily correspond to incidence. It is, I think, least in evidence in 1905, 1908, and 1909 . In 1908 a secondary small rise in flies is followed by a rise in cases in the week following. It is, however, perhaps desirable not to push minor features of the curves, which, both for flies and diarrhceal cases, are admittedly inadequate. It would, perhaps, be unwise to insist on the gradual increase of the fly fungus as a retarding influence at the apex of the curves. Yet I submit that to disregard the facts of the fly's life-history is to court defeat in our inquiries.
While I admit, then, that Dr. Buchan's contention is one which should be submitted, and its force acknowledged, I do not admit that it materially impairs the probability of a connexion created by other features of the curves. One such feature is the slower rate of increase of cases as compared with flies at the commencement of the ascent, and its more rapid rate in the later stages of the ascent. This accords with the result of multiplication of foci of infection. It may be said that what we require is a rate of ascent representing increase of flies multiplied by increase of foci. By no means. It must not be forgotten that the operative flies are gathered round previous foci of infection. Hence the probability of limitation near the apex of the curve. And, in fact, in a year of moderate intensity the numbers already attacked at the height of the diarrhcea season near fatal cases has been shown in some instances to be considerable. For illustrations of this point I must refer to the details of cases in the reports for 1904 and 1905 on the health of Manchester. It is a point, however, which deserves special and accurate study. For reasons already given, I cannot accept Dr. Buchan's observations on the immobilization of flies.
Further, as regards the apex of the curves, I might ask what there is at this point to arrest the multiplication of flies, now in enormous numbers. The meteorological data scarcely seem adequate to explain this arrest. A full answer to this conundrum might throw light on the arrest of cases.
Dr. Buchan's concise and forcible exposition of the difficulty relative to the apex of the curves is, it is proper to remark, in a measure equivalent to Dr. Hamer's criticism, when he in effect says that one cannot have it both ways, that flies are becoming immobilized during the descent of the fly curve for purposes of diarrhcea, but are mobile and active for the purposes of enteric fever. That is quite true, but I do not claim a large amount of immobilization, though an increasing one in the early part of the descent. What has been put forward is that the primary part of the enteric ascent manifest in the majority of years is probably decidedly smaller than it should be, owing to the increasing numbers of enteric fever being mixed up with diarrhcea. It is to this earlier portion that I would direct special attention in connexion with flies. The secondary rise or rises, antecedent to the thirty-eighth week, are dependent probably on these primary rises, which nearly coincide with the upper part of the fly curve, allowing for the ordinary incubation periods of enteric fever. They arise from them partly by direct infection from the overlooked cases, which have been shown to be not infrequently confused with diarrhcea, and to be specially concerned in causing increases of enteric fever, and partly they are due probably to the movement of flies in the early part of the descending curve, conveying infection from the recognized and unrecognized cases concerned in the primary rise. There is no question of a delay of five or six weeks, and no need to suppose either for diarrhcea or enteric fever that, at this period, there has occurred extensive immobilization of flies, although, as a matter of fact, Mr. Gordon Hewitt states that the fly fungus is already extending at this period.
Dr. Darra Mair's communication is an exceedingly interesting one. So far as criticism of the paper is concerned, however, I am only concerned with his remarks on the course of the enteric-fever curves in Belfast. It does not follow because the summer course of enteric fever is different in Belfast and in Manchester that we must reject or disallow the impression which the Manchester curves make. As Dr. Darra Mair observes himself, perhaps the effects of shellfish in Belfast obscured those with which we were dealing in Manchester. There is, I believe, no close season in Belfast as there is for English mussels, and in all probability the influence of mussels there would be markedly in evidence during the early fly season, when here it was almost absent. Not only so, but I could not accept the antedating of weekly notifications by a fortnight as in any way representing commencement of attack, although on this point it is possible that Dr. Darra Mfair may have some explanation to give. If, however, I understand him correctly, his curves of commencing cases would not be comparable with those for Manchester, as the determination of the dates of onset would probably materially alter the shape of the curves. With regard to his observation that years of high diarrhoeal mortality should be marked, on the whole, by considerable summer rises of enteric fever, and vice versa, this is certainly a valid one. " This does not appear," he says, " to have been always the case in Manchester. Compare, for example, 1897 and 1898, 1899 and 1900, 1904 and 1906, 1902 and 1908." But an examination of the curves for 1897 and 1898 scarcely supports the above statement. Not only is the shape of the diarrhoea curve, and therefore of the fly curve, of 1898 more favourable to the production of a high enteric incidence, but the aggregate amount of fly influence as measured in the same way is greater. The area of the diarrhoea rise in 1898 to a corresponding part of the rise in 1897 is as 173 to 84, and the total areas of the diarrhoea rises are as 192 to 120. A comparison of 1899 and 1900 does show a somewhat greater rise in the later part of the 1900 enteric curve, which, if it was necessary to strain the argument, might reasonably be ascribed to the greater continuance of the diarrhoea JU-4a maximum-with, by hypothesis, a similar distribution of flies. It is, however, only after the mussel season is reached that the enteric curve of 1900 goes in advance of the earlier year. Up to that point such differences as exist are of little moment. Comparing 1904 and 1906, the rise in 1904 is earlier than in the latter year, a fact which may well be associated with the greater number of cases in the earlier part of the year in 1904. The total effect produced, however, and the magnitude of the producing causes, as measured by the diarrhoea curve, are much alike up to the thirty-eighth week. A comparison of 1902 and 1908 shows that in the former year the " primary" rise of enteric, as compared with the diarrhoeal rise, is large as measured against that in 1908. There are, however, two facts to be considered in the comparison. One is that in 1902 both diarrhcea and enteric fever are late, so that the enteric rise has the assistance of the mussel season, the effects of which begin to be acutely felt in the thirty-eighth week. The 1902 primary rise begins in the thirty-eighth week. Another fact is that the primary rise of enteric fever is superadded on a fairly considerable previous incidence of enteric fever in 1902, while that of 1908 springs from nearly zero, the curve having previously nearly touched the base line for seven weeks. The fact is that the impression derived from these curves is the result of careful study, and is difficult to convey in words. The rise of enteric fever connected with flies is a slight one, and the phenomenon is variable in amount and character, as we should expect; but a decided impression remains from their study that, whatever be the causes operating to produce the diarrhcea uprush, they are also concerned in producing the primary rise in the enteric curve. Possibly my attitude has been too dogmatic in this question. I admit the force of some of the difficulties and criticisms put forward. But my impression as to the important r6le played by the house-fly remains unaltered. I beg to be allowed to acknowledge my obligations to all who have assisted me in compiling the data or in making observations, more especially to Mr. Dunks, of the Public Health Office, to Dr. Duncan Forbes, Dr. B. K. Goldsmith, and Dr. J. R. Hutchinson.
